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(57) ABSTRACT

A gradient pulse generator generates reference current sig-
nals for a plurality of gradient coils of a gradient coil system
of a magnetic resonance system and supplies each of the
reference current signals to a controller assigned to one of the
gradient coils. Also supplied to the respective controller is an
actual current signal that is characteristic of the current flow-
ing in the respective gradient coil. Each of the controllers
generates a control signal and accordingly drives a gradient
power amplifier assigned to the respective gradient coil. The
gradient power amplifiers apply a current to the gradient coils
assigned to the gradient power amplifiers in accordance with
the generated control signals. Each of the controllers is also
supplied with the reference current signal or the actual current
signal of at least one other gradient coil or the time derivative
of' the reference current signal or the actual current signal.
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1
CONTROLLING GRADIENT COILS TAKING
THE INDUCTIVE COUPLING INTO
ACCOUNT

This application claims the benefit of DE 10 2011 079
490.5, filed on Jul. 20, 2011.

BACKGROUND

The present embodiments relate to a control method for
driving a plurality of gradient coils of a gradient coil system
of a magnetic resonance system.

The gradient coils of a gradient coil system of a magnetic
resonance system may be inductively coupled to one another.
This applies in the case where the gradient coil system has a
plurality of gradient coils for three orthogonal axes of a Car-
tesian coordinate system. On account of the inductive cou-
pling, a dependence in relation to a specific gradient coil of
the voltage required for generating a specific current on the
activation state of the other gradient coils results.

Controllers may be tuned to the state, in which the same
current is applied to all coils of a specific gradient axis.
Methods for identifying and setting good controller param-
eters for a mode of operation of the type are well known.

The prior art approach delivers good results only when the
currents of the gradient coils, insofar as gradient coils gener-
ate a gradient of the magnetic field in the same direction, are
the same in relation to one another. If the currents are different
from one another, the regulating function operates only at a
suboptimal level. This may lead to artifacts during the image
reconstruction. The problem arises when the current condi-
tions are time-variable.

SUMMARY AND DESCRIPTION

The present embodiments may obviate one or more of the
drawbacks or limitations in the related art. For example, cur-
rents applied to gradient coils of a gradient coil system may be
optimally controlled even when the currents and/or the con-
ditions of the currents in relation to one another are time-
variable.

In one embodiment of a control method, controllers are
each supplied with a reference or actual current signal of at
least one other gradient coil or a time derivative of the refer-
ence or actual current signal. The controllers generate the
respective control signal on the basis of the respective refer-
ence current signal, the respective actual current signal, and
the time derivative of the reference or actual current signals of
the other gradient coils supplied to controllers or the time
derivatives of the reference or actual current signals of the
other gradient coils supplied to controllers. The time deriva-
tives of the reference or actual current signals of the other
gradient coils supplied to the controllers are included in the
generation of the respective control signal in accordance with
the inductive coupling of the gradient coil assigned to the
respective controller to the respective other gradient coil.

The gradient coil system may include a plurality of gradi-
ent coils for three orthogonal axes of a Cartesian coordinate
system. The controllers may be supplied at least with the
reference or actual current signals or the time derivatives of
the reference or actual current signals of the gradient coils that
are assigned to the same axis as the respective gradient coil.

In one embodiment, the controllers are supplied exclu-
sively with the current signals or the time derivatives of the
current signals. In other words, each of the controllers is not
supplied with the reference or actual current signals or the
time derivatives of the reference of actual current signals of
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the gradient coils that are assigned to a different axis than the
respective gradient coil. Alternatively, each of the controllers
may also be supplied with the reference or actual current
signals or the time derivatives of the reference or actual cur-
rent signals of the gradient coils that are assigned to a differ-
ent axis than the respective gradient coil.

On account of the inductive coupling, a current change in
one of the gradient coils induces a voltage in the other gradi-
ent coils. The controllers may generate a respective correction
signal on the basis of a sum of the time derivatives, weighted
with the corresponding inductive couplings, of the reference
or actual current signals of the other gradient coils supplied to
the controllers or the time derivatives of the reference or
actual current signals of the other gradient coils supplied to
controllers. In the case of a single time derivative, the sum is
reduced to the individual time derivative.

The controllers determine the control signal on the basis of
the respective reference current signal, the respective actual
current signal, and the respective correction signal. Two
approaches may be used. In one embodiment, the controllers
may generate a respective controller output signal on the basis
of the respective reference current signal and the respective
actual current signal. The control signal of the respective
controller may correspond to the sum of the respective con-
troller output signal and respective correction signal. Alter-
natively, the controllers may determine a respective controller
input signal on the basis of the respective correction signal,
the respective reference current signal, and the respective
actual current signal. The controllers may generate the
respective control signal on the basis of the respective con-
troller input signal.

Depending on the circumstances of the individual case, the
impact of a current change in one of the gradient coils may
have an immediate or time-delayed effect on another of the
gradient coils. In the case of a delayed effect, the controllers
may delay the time derivatives of the reference or actual
current signals of the other gradient coils supplied to the
controllers by a respective delay.

In one embodiment of a gradient coil system, each of the
controllers is supplied with the reference or actual current
signal of at least one other gradient coil or the time derivative
of'the reference or actual current signal. The controllers gen-
erate the respective control signal on the basis of the respec-
tive reference current signal, the respective actual current
signal, and the time derivatives of the reference or actual
current signals of the other gradient coils supplied to control-
lers or the time derivatives of the reference or actual current
signals of the other gradient coils supplied to the controllers.
The time derivatives of the reference or actual current signals
of the other gradient coils supplied to the controllers are
included in the generation of the respective control signal in
accordance with the inductive coupling of the gradient coil
assigned to the respective controller to the respective other
gradient coil.

The embodiments of the gradient coil system substantially
correspond to the advantageous embodiments of the control
method.

In another embodiment, a magnetic resonance system
includes the gradient coil system embodied as explained
hereinabove.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows one embodiment of a magnetic resonance
system,

FIG. 2 shows one embodiment of a gradient coil system of
the magnetic resonance system from FIG. 1;
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FIGS. 3 and 4 each show an exemplary individual channel
of the gradient coil system from FIG. 2; and
FIGS. 5 to 7 each show one embodiment of a controller.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring to FIG. 1, a magnetic resonance system includes
a base magnet 1, a gradient coil system 2 and at least one
radio-frequency system 3. A temporally static, locally sub-
stantially homogeneous magnetic field B of, for example, 1.5
tesla or 3 tesla is generated by the base magnet 1 in an
examination volume 4 of the magnetic resonance system. The
magnetic field B is varied slightly by the gradient coil system
2, and in such a way that, at least in a first approximation,
although a direction of the magnetic field B as such remains
unchanged, the magnitude of the magnetic field B varies
linearly with the location. The corresponding embodiment
and functionality of the gradient coil system 2 may be known.
The radio-frequency system 3 enables an examination object
5 (e.g., a human patient) introduced into the examination
volume 4 to be stimulated into emitting magnetic resonance
signals. Thus, excited magnetic resonance signals may be
received by the radio-frequency system 3 (or in another radio-
frequency system not shown in the figures). The embodiment
and functionality of the radio-frequency system 3 may also be
known.

Referring to FIG. 2, the gradient coil system 2 includes a
plurality of gradient coils Lij (i=x,y, z;j=1,2,3 ... N). Inone
embodiment, three gradient coils Lij are present (e.g., one
gradient coil Lij (N=1) per axis x, y, z of a right-angled
Cartesian coordinate system). According to FIG. 2, a plurality
of gradient coils Lij are present for each axis X, y, z. However,
the depicted number of four gradient coils Lij (N=4) per
coordinate axis X, y, Z is purely exemplary. Two, three, five, or
six gradient coils Lij per axis X, y, z, for example, may also be
used.

Referring to FIG. 2, a respective current is applied to the
gradient coils Lij by a control device 6 of the magnetic reso-
nance system. The currents are measured by corresponding
sensors 7ij. Corresponding actual current signals Iij that are
characteristic of the respective current are supplied to the
control device 6.

The manner in which the currents are generated is the same
in principle for all the gradient coils Lij. The manner in which
the currents are generated is therefore shown in FIG. 3 for a
single gradient coil Lij only (e.g., for a single channel of the
gradient coil system 2). The channel for the gradient coil Lx1
is singled out purely by way of example in this connection.
However, the conditions explained below in conjunction with
FIG. 3 and the other figures are equally valid for all the
gradient coils Lij.

Referring to FIG. 3, the gradient coil system 2 has a gra-
dient pulse generator 8. The gradient pulse generator 8§ may be
part of the control device 6. The gradient pulse generator 8
may be implemented using software. The gradient pulse gen-
erator 8 may be present as standard for all the gradient coils
Lij. The corresponding reference current signals Iij* are gen-
erated for the gradient coils Lij by the gradient pulse genera-
tor 8.

A controller Rij is assigned to each gradient coil Lij. The
controller Rij may be realized in software. Alternatively the
controller Rij may be implemented as a real hardware con-
troller. The controller Rij is supplied with the corresponding
reference current signal Iij* and the corresponding actual
current signal Iij. The controllers Rij generate a respective
control signal Uij that the controllers Rij supply to a respec-
tive gradient power amplifier 9ij assigned to the correspond-
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ing gradient coil Lij. The controllers Rij thereby drive the
corresponding gradient power amplifier 9ij accordingly.
Because the gradient power amplifiers 9ij are power ele-
ments, the gradient power amplifiers 9ij are implemented in
hardware. The gradient power amplifiers 9ij apply the corre-
sponding current to the respective gradient coil Lij assigned
to the gradient power amplifiers 9if in accordance with the
generated control signal Uij.

The controllers Rij generate the respective control signal
Uij on the basis of the respective reference current signal Iij*,
the respective actual current signal Iij, and a respective cor-
rection signal Kij.

For the purpose of determining the corresponding correc-
tion signal Kij, the corresponding controller Rij may be sup-
plied with the reference current signal Imn* (e.g., mn=ij) ofat
least one other gradient coil Lmn or the corresponding actual
current signal Imn. Referring to FIG. 3, the controller Rx1 for
the gradient coil Lx1, for example, is supplied at least with the
reference current signals Ix2*, 1x3*, Ix4* or the correspond-
ing actual current signals Ix2, Ix3, Ix4 of all the gradient coils
[x2, [.x3, Lx4 that are assigned to the same axis X as the
gradient coil Lx1 under consideration.

Since the time derivatives Ix2*', Ix3*', Ix4*', Ix2', Ix3', Ix4'
of the corresponding current signals Ix2*, Ix3*, Ix4*, Ix2,
1x3, Ix4 are also of significance within the scope of the present
embodiments, the time derivatives Ix2*', Ix3*, Ix4*', Ix2',
1x3', Ix4' are formed in corresponding differentiating ele-
ments 10. The differentiating elements 10 may be part of the
corresponding controller Rij. The controllers Rij may, as
explained hereintofore, be supplied directly with the corre-
sponding current signals Imn* or Imn. Alternatively the time
derivatives Imn*', Imn' may be determined in advance (e.g.,
outside of the corresponding controller Rij). The differenti-
ating elements 10 are disposed outside of the corresponding
controller Rij, and the time derivatives Imn*, Imn' of the
corresponding current signals Imn*, Imn are supplied to the
controller Rij. For example, the time derivatives Imn™*', Imn'
may be determined centrally by the control device 6 and made
available to the controllers Rij.

The time derivatives Imn*', Imn' of the corresponding cur-
rent signals Imn*, Imn are weighted in scaling blocks 11 in
accordance with the respective inductive coupling of the
respective other gradient coil Lmn to the gradient coil Lij
under consideration and summed in a nodal point 12. The
relevant correction signal Kij accordingly corresponds to the
weighted sum of the time derivatives Imn*', Imn' of the ref-
erence current signals or the actual current signals Imn*, Imn
that are supplied to the respective controller Rij in addition to
the reference current signal [ij* and the actual current signal
Iij of the respective controller Rij. The weighting factors of
the scaling blocks 11 correspond to the respective inductive
coupling of the gradient coils Lij in relation to one another.
The coupling factors between the individual gradient coils
Lij, which determine the scaling in the scaling blocks 11, may
be determined, for example, using measurement techniques.
The determination of the factors using measurement tech-
niques may be accomplished, for example, using experiments
conducted by an operator of the magnetic resonance system.
Alternatively, the control device 6 may determine the weight-
ing factors independently in an automated test run (e.g.,
“tune-up”).

The time derivatives lin*', lin' of the current signals lin*,
Iin (n=)) that act on the gradient coils Lin that are assigned to
the same axis i as the gradient coil Lij under consideration
may be used. This embodiment is shown in FIG. 3. With the
embodiment, the reference or actual current signals Imn*,
Imn of the gradient coils Lmn that are assigned to a different
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axis X, y, z than the considered gradient coil Lij are not
supplied to the controller Rij. Thus, m=i applies to the current
signals Imn*, Imn. In this case, an analogous situation applies
also to the corresponding time derivatives Imn*', Imn'. Alter-
natively, the corresponding controller Rij may also be sup-
plied with the current signals Imn*, Imn or the corresponding
time derivatives Imn*', Imn'. In this case, the corresponding
gradient coils Lmn act on other axes m. This embodiment is
shown in FIG. 4.

The correspondingly weighted time derivatives Imn*',
Imn' may be used directly and immediately. Alternatively,
according to the schematic diagrams shown in FIGS. 3 and 4,
the controllers Rij may have delay elements 13. Using the
delay elements 13, the time derivatives Imn™*', Imn' of the
current signals Imn*, Imn of the other gradient coils Lmn are
delayed by a corresponding, individually determined delay.
The delay times, by which the respective time derivatives
Imn™', Imn' are delayed in the delay elements 13, may, for
example, be determined analogously to the weighting factors
in an automated manner or experimentally.

Referring to FIG. 5, in order to take into account the cor-
rection signal Kij in the determination of the control signal
Uij, the corresponding controller Rij may initially determine
a respective controller input signal dlij on the basis of the
respective reference current signal Iij* and the corresponding
actual current signal Iij and generate a respective controller
output signal Vij on the basis of the controller input signal d1ij.
In this case, the control signal Uij corresponds to the sum of
the controller output signal Vij and the correction signal Kij.
Alternatively, according to the schematic diagram of FIG. 6,
the controllers Rij may initially determine the respective con-
troller input signal d1ij on the basis of the respective correc-
tion signal Kij, the respective reference current signal Iij* and
the respective actual current signal Iij and generate the
respective control signal Uij on the basis of the respective
controller input signal 81ij. In this case, the controller output
signal Vij is the same as the control signal Uij.

Referring to the schematic diagram of FIG. 7, if the con-
trollers Rij have a differential component (e.g., if the control-
lers Rij are embodied as PID controllers), with respect to an
input signal being taken into account within the scope of the
differential branch of the respective controller Rij,), the cor-
rection signal Kij may be applied to the control deviation 81ij.
With respect to the other controller branches (e.g., a propor-
tional and an integral branch) and may only work with the
difference between respective reference current signal Iij*
and actual current signal Iij.

In one embodiment, a gradient pulse generator 8 generates
reference current signals Iij* for a plurality of gradient coils
Lij of a gradient coil system 2 of a magnetic resonance sys-
tem. The gradient pulse generator 8 supplies the reference
current signals Iij* in each case to a controller Rij assigned to
one of the gradient coils Lij. In addition, the respective con-
troller Rij is supplied in each case with an actual current
signal lij that is characteristic of the current flowing in the
respective gradient coil Lij. The controllers Rij in each case
generate a control signal Uij and accordingly drive a gradient
power amplifier 9ij assigned to the respective gradient coil
Lij. The gradient power amplifiers 9ij apply a current to the
gradient coils Lij assigned to the gradient power amplifiers 9i7
in accordance with the generated control signals Uij. The
controllers Rij are additionally supplied in each case with the
reference or actual current signal Imn*, Imn of at least one
other gradient coil Lmn or the time derivative of the reference
or actual current signal Imn*', Imn'. The controllers Rij gen-
erate the respective control signal Uij on the basis of the
respective reference current signal Iij*, the respective actual
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current signal Iij and the time derivatives Imn*', Imn' of the
reference or actual current signals Imn*, Imn of the other
gradient coils Lmn supplied to the controllers Rij or the time
derivatives Imn*', Imn' of the reference or actual current
signals Imn*, Imn of'the other gradient coils Lmn supplied to
controllers Rij. The time derivatives Imn*', Imn' of the refer-
ence or actual current signals Imn*, Imn of the other gradient
coils Lmn are included in the generation of the respective
control signal Uij in accordance with the inductive coupling
of the respective gradient coil Lij to the respective other
gradient coil Lmn.

The present embodiments provide many advantages. For
example, an almost fully decoupled operation of the gradient
coils Lij of the gradient coil system 2 may be provided. This
results in virtually optimal control characteristics with any
current shapes.

Although the invention has been illustrated and described
in detail with reference to the present exemplary embodi-
ments, the invention is not limited by the disclosed examples,
and other variations may be derived herefrom by the person
skilled in the art without departing from the protective scope
of the invention.

While the present invention has been described above by
reference to various embodiments, it should be understood
that many changes and modifications can be made to the
described embodiments. It is therefore intended that the fore-
going description be regarded as illustrative rather than lim-
iting, and that it be understood that all equivalents and/or
combinations of embodiments are intended to be included in
this description.

The invention claimed is:

1. A control method for a plurality of gradient coils of a
gradient coil system of a magnetic resonance system, the
control method comprising:

generating reference current signals for the plurality of

gradient coils by a gradient pulse generator;

supplying each of the reference current signals to a con-

troller assigned to each gradient coil of the plurality of
gradient coils;

supplying each of the controllers with an actual current

signal that is characteristic of the reference current sig-
nal flowing in the respective gradient coil;

generating, using the controllers, control signals and driv-

ing gradient power amplifiers assigned to the plurality of
gradient coils in accordance with the generated control
signals; and

applying, using the gradient power amplifiers, currents to

the plurality of gradient coils assigned to the gradient
power amplifiers in accordance with the generated con-
trol signals,

wherein the controllers are each supplied with the refer-

ence current signal or the actual current signal of at least
one other gradient coil of the plurality of gradient coils
or the time derivative of the reference current signal or
the actual current signal of at least one other gradient coil
of the plurality of gradient coils,

wherein the controllers generate the respective control sig-

nal on the basis of the respective reference current sig-
nal, the respective actual current signal and the time
derivative of the reference current signal or the actual
current signal of the at least one other gradient coil
supplied to the controllers, or the time derivative of the
reference current signal or the actual current signal of
the at least one other gradient coil supplied to the con-
trollers, and

wherein the time derivative of the reference current signal

or the actual current signal of the at least one other
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gradient coil supplied to the controllers are included in
the generation of the respective control signal in accor-
dance with an inductive coupling of the gradient coil
assigned to the respective controller to the at least one
other gradient coil.
2. The control method as claimed in claim 1, wherein the
plurality of gradient coils comprises a first plurality of gradi-
ent coils, a second plurality of gradient coils, and a third
plurality of gradient coils for three orthogonal axes of a Car-
tesian coordinate system, respectively, and
wherein the controllers are each supplied with the refer-
ence current signals or the actual current signals or the
time derivative of the reference current signals or the
actual current signals of gradient coils of the plurality of
gradient coils that are assigned to the same axis as the
respective gradient coil.
3. The control method as claimed in claim 2, wherein each
of the controllers is not supplied with the reference current
signals or the actual current signals of the at least one other
gradient coil or the time derivative of the reference current
signals or the actual current signals that are assigned to a
different axis than the respective gradient coil.
4. The control method as claimed in claim 2, wherein each
of the controllers is also supplied with the reference current
signals or the actual current signals of the at least one other
gradient coil or the time derivative of the reference current
signals or the actual current signals that are assigned to a
different axis than the respective gradient coil.
5. The control method as claimed in claim 1, further com-
prising:
generating, using each of the controllers, a respective cor-
rection signal on the basis of a sum of the time deriva-
tives, weighted with the corresponding inductive cou-
plings of the reference current signals or the actual
current signals of the other gradient coils supplied to the
controllers or the time derivatives of the reference cur-
rent signals or the actual current signals of the other
gradient coils supplied to the controller; and

generating, using each of the controllers, a respective con-
troller output signal on the basis of the respective refer-
ence current signal and the respective actual current
signal,

wherein the control signal of the respective controller cor-

responds to the sum of the respective controller output
signal and respective correction signal.

6. The control method as claimed in claim 1, further com-
prising:

generating, using each of the controllers, a respective cor-

rection signal on the basis of a sum of the time deriva-
tives, weighted with the corresponding inductive cou-
plings, of the reference current signals or the actual
current signals of the other gradient coils supplied to the
controllers or the time derivatives of the reference cur-
rent signals or the actual current signals of the other
gradient coils supplied to the controllers;

determining, using each of the controllers, a respective

controller input signal on the basis of the respective
correction signal, the respective reference current signal
and the respective actual current signal; and

generating the respective control signal on the basis of the

respective controller input signal.

7. The control method as claimed in claim 1, wherein the
time derivatives of the reference current signals or the actual
current signals of the other gradient coils supplied to the
controllers are delayed by a respective delay.
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8. A gradient coil system of a magnetic resonance system,
the gradient coil system comprising:
a plurality of gradient coils;
a gradient pulse generator operable to generate reference
current signals for the plurality of gradient coils;

controllers that are assigned to the plurality of gradient
coils, the controllers being supplied with the respective
reference current signal, wherein each of the controllers
is supplied with an actual current signal that is charac-
teristic of a current flowing in the respective gradient coil
of the plurality of gradient coils, and wherein each of the
controllers is operable to generate a control signal; and

gradient power amplifiers that are assigned to the plurality
of gradient coils, the controllers operable to drive the
gradient power amplifiers in accordance with the control
signals, wherein each of the gradient power amplifiers is
operable to apply a current to the gradient coil assigned
to the gradient power amplifier in accordance with the
generated control signal,

wherein each of the controllers is supplied with the refer-

ence current signal or the actual current signal of at least
one other gradient coil of the plurality of gradient coils
or the time derivative of the reference current signal or
the actual current signal of at least one other gradient coil
of the plurality of gradient coils,

wherein each of the controllers is operable to generate the

respective control signal on the basis of the respective
reference current signal, the respective actual current
signal and the time derivatives of the reference current
signals or the actual current signals of the other gradient
coils supplied to the controllers, and

wherein the time derivatives of the reference current sig-

nals or the actual current signals of the other gradient
coils supplied to the controllers are included in the gen-
eration of the respective control signal in accordance
with the inductive coupling of the gradient coil assigned
to the respective controller to the at least one respective
other gradient coil.

9. The gradient coil system as claimed in claim 8, wherein
the plurality of gradient coils comprises a first plurality of
gradient coils, a second plurality of gradient coils, and a third
plurality of gradient coils for three orthogonal axes of a Car-
tesian coordinate system, respectively, and

wherein each of the controllers is supplied with the refer-

ence current signals or the actual current signals of the
gradient coils or the time derivatives of the reference
current signals or the actual current signals that are
assigned to the same axis as the respective gradient coil.

10. The gradient coil system as claimed in claim 9, wherein
each of the controllers is not supplied with the reference
current signals or the actual current signals of the other gra-
dient coils or the time derivatives of the reference current
signals or the actual current signals that are assigned to a
different axis than the respective gradient coil.

11. The gradient coil system as claimed in claim 9, wherein
each of the controllers is also supplied with the reference
current signals or the actual current signals of the other gra-
dient coils or the time derivatives of the reference current
signals or the actual current signals that are assigned to a
different axis than the respective gradient coil.

12. The gradient coil system as claimed in claim 8, wherein
each of the controllers is operable to generate a respective
correction signal on the basis of a sum of the time derivatives,
weighted with the corresponding inductive couplings, of the
reference current signals or the actual current signals of the
other gradient coils supplied to controllers or the time deriva-
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tives of the reference current signals or the actual current
signals of the other gradient coils supplied to the controllers,

wherein each of the controllers is operable to generate a

respective controller output signal on the basis of the
respective reference current signal and the respective
actual current signal, and

wherein the control signal of the respective controller cor-

responds to the sum of the respective controller output
signal and the respective correction signal.

13. The gradient coil system as claimed in claim 8, wherein
each of the controllers is operable to generate a respective
correction signal on the basis of a sum of the time derivatives,
weighted with the corresponding inductive couplings, of the
reference current signals or the actual current signals of the
other gradient coils supplied to controllers or the time deriva-
tives of the reference current signals or the actual current
signals of the other gradient coils supplied to controllers, and

wherein each of the controllers is operable to determine a

respective controller input signal on the basis of the
respective correction signal, the respective reference
current signal and the respective actual current signal
and is operable to generate the respective control signal
on the basis of the respective controller input signal.

14. The gradient coil system as claimed in claim 8, further
comprising delay elements operable to delay the time deriva-
tives of the reference current signals or the actual current
signals of the other gradient coils supplied to the controllers.

15. A magnetic resonance system comprising:

a base magnet;

a gradient coil system; and

at least one radio-frequency system,

wherein the gradient coil system comprises:

a plurality of gradient coils;

agradient pulse generator operable to generate reference
current signals for the plurality of gradient coils;

controllers that are assigned to the plurality of gradient
coils, the controllers being supplied with the respec-
tive reference current signal, wherein each of the con-
trollers is supplied with an actual current signal that is
characteristic of a current flowing in the respective
gradient coil of the plurality of gradient coils, and
wherein each of the controllers is operable to generate
a control signal; and

gradient power amplifiers that are assigned to the plu-
rality of gradient coils, the controllers operable to
drive the gradient power amplifiers in accordance
with the control signals, wherein each of the gradient
power amplifiers is operable to apply a current to the
gradient coil assigned to the gradient power amplifier
in accordance with the generated control signal,

wherein each of the controllers is supplied with the refer-

ence current signal or the actual current signal of at least

one other gradient coil of the plurality of gradient coils

or the time derivative of the reference current signal or

the actual current signal of at least one other gradient coil

of' the plurality of gradient coils,

wherein each of the controllers is operable to generate the

respective control signal on the basis of the respective
reference current signal, the respective actual current
signal and the time derivatives of the reference current
signals or the actual current signals of the other gradient
coils supplied to the controllers, and
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wherein the time derivatives of the reference current sig-
nals or the actual current signals of the other gradient
coils supplied to the controllers are included in the gen-
eration of the respective control signal in accordance
with the inductive coupling of the gradient coil assigned
to the respective controller to the at least one respective
other gradient coil.

16. The magnetic resonance system as claimed in claim 15,
wherein the plurality of gradient coils comprises a first plu-
rality of gradient coils, a second plurality of gradient coils,
and athird plurality of gradient coils for three orthogonal axes
of'a Cartesian coordinate system, respectively, and

wherein each of the controllers is supplied with the refer-

ence current signals or the actual current signals of the
gradient coils or the time derivatives of the reference
current signals or the actual current signals that are
assigned to the same axis as the respective gradient coil.

17. The magnetic resonance system as claimed in claim 16,
wherein each of the controllers is not supplied with the ref-
erence current signals or the actual current signals of the other
gradient coils or the time derivatives of the reference current
signals or the actual current signals that are assigned to a
different axis than the respective gradient coil.

18. The magnetic resonance system as claimed in claim 16,
wherein each of the controllers is also supplied with the
reference current signals or the actual current signals of the
other gradient coils or the time derivatives of the reference
current signals or the actual current signals that are assigned
to a different axis than the respective gradient coil.

19. The gradient coil system as claimed in claim 15,
wherein each of the controllers is operable to generate a
respective correction signal on the basis of a sum of the time
derivatives, weighted with the corresponding inductive cou-
plings, of the reference current signals or the actual current
signals of the other gradient coils supplied to controllers or
the time derivatives of the reference current signals or the
actual current signals of the other gradient coils supplied to
the controllers,

wherein each of the controllers is operable to generate a

respective controller output signal on the basis of the
respective reference current signal and the respective
actual current signal, and

wherein the control signal of the respective controller cor-

responds to the sum of the respective controller output
signal and the respective correction signal.

20. The gradient coil system as claimed in claim 15,
wherein each of the controllers is operable to generate a
respective correction signal on the basis of a sum of the time
derivatives, weighted with the corresponding inductive cou-
plings, of the reference current signals or the actual current
signals of the other gradient coils supplied to controllers or
the time derivatives of the reference current signals or the
actual current signals of the other gradient coils supplied to
controllers, and

wherein each of the controllers is operable to determine a

respective controller input signal on the basis of the
respective correction signal, the respective reference
current signal and the respective actual current signal
and is operable to generate the respective control signal
on the basis of the respective controller input signal.

#* #* #* #* #*



